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Housing Price Dispersion: An Empirical Investigation 
Abstract 
I t is well known that price dispersion exists in many goods. In a decentralized market 
like real estate, it is not surprising that price dispersion is even more prevailing. The 
previous studies have focused on the relation between the inflation rate and the general 
price variability. From the investigation, the relation of the inflation and the housing 
price dispersion is positively related in the housing market, consistent wi th the previous 
studies. This study also extends the examination of possible relations between the 
housing price dispersion and other macro-economic indicators. The empirical findings 
are compared with the theoretical predictions of some existing search models and might 
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This study examines the price dispersion in the real estate market. Price dispersion, 
which means that the same product (such as the same newspapers, or the same drugs) 
can be sold at different prices in different yet "near" locations, is a clear violation of the 
"law of one price". Price dispersion has long been recognized by the economists and 
the empirical literature typically measures the standard deviation of the distribution or 
the coefficient of variation/ However, the distribution of prices and/or rates o f return 
may not be symmetric and these measures may still be insufficient to capture the “extent 
of the dispersion". In the finance literature, it is now a known fact that the distribution 
o f return is highly skewed and several theories have been proposed to account for it.2 
Since this study focuses on the real estate, which themselves are not only consumption 
goods but also assets, this study would measure both the standard deviation and the 
skewness of the housing price distribution and study whether there exists some 
systematic pattern of these measures. 
As this study extends the analysis to one of the real estate market, it faces an 
immediate problem: housing units are not homogeneous. They can differ in terms of 
1 For instance, Lach (2002) estimates the log price distribution and then uses different measures, 
including the coefficient of variation, the ratio of (75% quartile/25% quartile), (95% quantile/5% 
quartile), (2'"' highest/2"'' lowest). He shows that the law of one price does not hold. However, lie does 
not use any statistical measure to capture the third moment of the distribution. 
2 For instance, see Chen, Hong and Stein (2000) for a discussion of the empirical evidence and Hong 
and Stein (2002) for a discussion of different theories for the return skewness. 
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attributes such as age, facilities... etc., and more fundamentally, locations. Therefore, it 
is very natural to "control" for these difference in the empirical investigation. And one 
of the most widely used strategies would be hedonic pricing. Roughly speaking, it 
decomposes the transaction prices of the same "class" yet heterogeneous products, into 
many different parts, according to the "implicit prices" of different attributes, and the 
residual, which is theoretically the "intrinsic value" of the product, or the value o f the 
product after "subtracting" all the observable attributes. To highlight the importance o f 
the heterogeneity of different housing units, this paper wil l compute and compare the 
price dispersion and the price skewness, with and without "controlling" the different 
attributes (or "qualities"). 
The motivations of these calculations are several folds. Real estate is the most 
important durable consumption good, and at the same time, one of the most important 
items for most households' portfolio.^ The value of residential capital stock is at least as 
large as the business capital stock in some countries.'^ Fluctuations in the real estate 
market would have non-trivial implication to the aggregate economy. Therefore, it is 
indeed important to understand the trading of the real estate market. Trading in the real 
estate market is in fact complicated and this paper only focuses on the price dimension 
of the trading. The whole sample is split into several periods. This paper then calculates 
For instance, see Law (2000) for a survey. 
4 For instance, see Greenwood and Hercowtiz (1991) and Law (2000). 
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the (cross-section) price variance and skewness within each period, and then traces the 
evolution of the price dispersion over time. The second part o f this paper is to 
investigate the empirical relationships between the housing price dispersion w i th the 
macroeconomic variables. 
The evolution of price dispersion and skewness, per sec, should be o f independent 
interest as well. The recent decades witness a blooming o f the search theoretic models, 
mainly in labor economics and monetary economics. ^ Apparently, the recent 
development moves to the modeling of price dispersion, as has been seen in different 
context. 6 This paper attempts to complement the theoretical studies by taking a 
preliminary step to establish "stylized facts" for the price dispersion and skewness over 
time. The co-movements of aggregate variables wi th the price dispersion and skewness 
wou ld inspire future development of the theory. 
To compute the price dispersion and skewness of the housing market, it is 
necessary to choose a "thick" market, i.e. a market wi th sufficient amount o f trading. 
This is one o f the reasons why the Hong Kong residential housing market in the 1990s 
is chosen/ As shown in Figure 1 & Table 1，while the ratio o f total number o f trading 
relative to the stock is about 5% in the United States, the same ratio has climbed up to 
5 For instance, see Pissarides (2000) for a survey. 
6 For instance, see Bonmtemps, Robin and van-den-Berg (2000), Acemoglu and Shimer (2000), 
Julien, Kennes and King (2000), Coles (2001)，Rauh (2001), among others. 
7 Trading information before that is not accessible to the author. 
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20% in Hong Kong during the 1990s. There is neither capital control nor capital gains 
tax in Hong Kong during the 1990s.^  A n essentially fixed exchange rate has been 
maintained during the sampling period. Attention is restricted to the "most frequently 
traded list" and there are 193,121 transactions during the sampling period. In short, the 
sample is very suitable for the research question asked in this paper. 
(Figure 1 & Table 1 about here) 
The next section provides a literature review. Then it wi l l be a more detailed 
description of the dataset. The statistical tools used wi l l be explained, followed by a 
presentation of the results. The final chapter concludes. A l l the statistical details are 
reserved in the appendices. 




The proverbial "law of price" is virtually never empirically valid. Homogenous 
goods are often sold at widely different prices by rival firms, even in environments that 
seem particularly conducive to economic competit ion. 
In addition, the following "stylized facts" seem to be common in many markets: (a) 
there is significant diversity among buyers and sellers，allowing in particular less efficient 
firms to persists; (b) sellers wi th higher costs chaise higher prices, and more of their 
customers have high opportunity costs of seeking alternatives; (c) for goods which are 
purchase repeatedly, buyers do not search each time but invest in an initial thorough 
search for a long-term supplier. 
Diamond's Paradox 
I t is obvious that i f the search cost/information cost is zero, price dispersion wi l l 
not exist at the equilibrium. However, is the existence of search cost enough to generate 
price dispersion at the equilibrium? The answer turns out to be negative. The seminal 
work of Diamond (1971) shows that i f there is no ex ante difference among consumers, 
and no ex ante difference among producers, the unique equilibrium is that monopoly 
price wi l l be charged and there wi l l be no price dispersion. I t is the so-called Diamond 
paradox. 
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I t is assumed that there are many identical firms and many consumers. Each period 
each f i rm sets a price and each consumer visits one firms. The consumer either 
purchases, according to an underlying demand curve, or concludes that the price is too 
high and leaves the store, to enter another the following period. Firms are assumed 
know the demands they face and to maximize profits separately each period. Consumers 
are uncertain about future prices and must compare the cost o f searching further wi th 
the expected gain f rom finding, a better price. The key dynamic element in the model is 
the consumer adjustment of cutoff prices for consumers entering the market for the 
first t ime. 
The model does not converge to competitive equilibrium. In finite time, the price 
becomes that which maximizes joint profits. As Diamond's correctly noticed that the 
strong conclusion rests heavily on several assumptions. The sequential search literature 
has resolved this paradox by allowing heterogeneity either to search costs or in 
product ion costs. Each approach, however, has drawbacks. 
Sequential and Non-Sequential Search Literature 
For a non-sequential informational framework, the existence o f Nash-equilibrium 
price dispersion has been established by Braverman (1980) and Salop-Stiglitz (1977). I n 
those studies, three possible Nash equilibrium configurations were shown to arise： (a) a 
single-price equilibrium at the competitive price or at the monopolistically competitive 
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price, (b) a two-price equilibrium where the perfectly competitive price to the low prices 
and the monopolistically competitive price is the higher of the two price, (c) 
non-existence of any Nash equil ibr ium. 
The information framework underlying the above conclusions was the following： 
Consumers know the distribution of price but not their locations. They may purchase 
f rom a randomly selected store, or they may forego purchase altogether. Assuming that 
consumers differ according to costs of information, one can establish that for each 
price there exists a critical search cost, which partitions buyers into informed and 
uninformed groups. This dichotomized information framework is clearly o f some 
relevance empirically: However, the literature on optimal search has largely focused on 
sequential search rules, and there is therefore a need to examine the consistency of such 
rules w i t h market behavior. 
One difference between a sequential search rule and the above rule is the manner 
in which, given price, information is partitioned among buyers. Thus, while the 
dichotomous information framework implies a partitioning into two groups, a perfectly 
informed and a perfectly uninformed group, a perfectly informed and a perfectly 
uninformed group, sequential search implies a potential partitioning into many partially 




First, models with buyer heterogeneity (Axelll977, Von zur Muchienl980, 
Robl985, Stiglitzl987) generate search and price dispersions, with firms indifferent 
between all prices. Observation suggests that high and low price sellers generally differ, 
especially with respect to input costs. But more troublesome than mixed strategies is the 
fact that the nature of equilibrium (and especially price dispersion) depends critically on 
the assumed shape of the distribution of search costs near zero. This type of 
assumption, lacking empirical content, seems like a fragile base on which to rest an 
explanation of equi l ibr ium search and price dispersion. . 
The finite, Nash competitive model can be summarized as follows. Participants in 
the market are firms and consumers. Firms are identical, produce a homogenous good, 
and maximize profit hy taking all other firms' price as given by taking consumers' 
sequential search rules as given. It is assumed that entiy is free; hence that normal 
equilibrium profit is zero. Consumers have identical to search is not uniform in the 
population. To characterize the differences, a general distribution function over search 
costs wi l l be posited, such that the implied measure on the population of search costs is 
continuous but may also contain mass-points. 
The general conclusion is negative insofar as Nash-competitive price dispersion is 
concerned. Under any reasonable specification of the search cost distribution and 
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market behavior, the degenerate distribution consisting of one price is the only 
equilibrium. However, the form of the distribution over search costs does determine the 
level of the single equilibrium price. The presence of mass-points on the distribution is 
crucial to the competitive outcome of the model. For instance, i f the equilibrium price 
is to be the perfectly competitive, a mass-point is required at cost equal to zero. This 
means that people who do not search benefit from others who do. There is, therefore, 
in the model a pervasive information externality. I t may be recalled that in Diamond's 
model the equilibrium price was the monopoly price since all consumers had identical 
positive search costs. The polar opposite of such a model is the perfectly competitive 
market in which search costs are zero. In the model at hand, the presence of a sufficient 
number of consumers with zero search costs wi l l replicate the competitive solution. 
However, when there are not very many perfectly informed customers, the single 
equilibrium price wil l be some price that is less than the monopoly price but strictly 
greater than perfectly competitive price. 
Firm's Heterogeneity 
The second type of model follows a more standard line of approach in this type 
o f analysis. A continuous and atomistically competitive market is by necessity passive 
because of their small size in relation to the market. Variants of this model have been 
discussed by Axell, Butters (1977). Only Reinganum is able to produce an equilibrium 
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price distribution, but the necessary assumption is that firms vary in their fixed marginal 
cost according to a distribution. The general conclusion has been that absent this 
provision, non-degenerate price distribution does not exist in equilibrium. However, 
under suitable and also fairly reasonable assumptions, demonstrated by Von zur 
Muhelen, a price distribution can obtain in equil ibrium. 
Reinganum's model of heterogeneity in firms' costs does not have the previous 
problems, since sellers' cost differences generate price dispersion for any value of 
buyers' common search cost. On the other hand, search plays a rather limited role. 
Sellers with cost below a critical level charge their monopoly price, as in Diamond, while 
those with higher cost bunch at consumers' reservation price； there is then no search in 
equil ibrium. 
The reasons for the previous drawbacks lie in part with the strategies themselves 
and in part with the market settings in which they are typically placed. Specifically, 
Reingnaum is interested in demonstrating that price dispersion may exist even within the 
framework of a veiy simply model. Furthermore, the persistence and degree of price 
dispersion depend crucially upon two concepts that are conspicuously absent f rom most 
search models; the existence of differing marginal costs among firms and the nonzero 
elasticity of consumers' demand curves. 
As Butters correctly noted, some deviation from the deadly "simplest model" 
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(Diamond) is required in order to obtain a non-degenerate price distribution. That is, 
imperfect information alone is insufficient to support price dispersion. 
Reinganum's paper focuses on and demonstrates the existence of price dispersion 
for the model which is remarkably similar to the "simplest" one. Specifically, the model 
which follows differs f rom the "simplest model" in the two respects: (a) the peculiar 
assumption of unitaiy demand is abandoned, and buyers are assumed to purchase 
goods according to their demand functions; (b) firms are not identical; each has 
constant marginal costs, and each value of marginal costs occurs with some frequency 
among the firms in the industry. These assumptions, along with the remaining elements 
o f simplest model, wil l be shown to be sufficient to support a non-degenerate 
distr ibut ion of product prices in equil ibrium. 
One key to the existence of price dispersion in the Reinganum's model is that 
buyers do not purchase the same amount of the product for all prices at or below the 
reservation price. In other words, not only is the product price not driven down to the 
minimum price but the price is also prevented from jumping up to the reservation price, 
by the substitution effects of other goods. I f eliminating the assumption of different 
marginal costs wi l l also reverse the result. Both a cost dispersion and elastic demand are 
essential to provide f irms w i t h an incentive to price below the reservation price. 
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Bilateral Heterogeneity 
These two types of models are clearly complementary. Ronland's paper (1993) 
combines them into a unifying framework which provides more adequate and robust 
explanations of equilibrium price dispersion, search, and entiy. It also extends the 
analysis to repeat purchases, modeled as a dynamic wi th incomplete information 
between buyers and sellers. This sheds light in particular on the inference and strategies 
which lead firms to charge constant prices and customers to purchase loyally. This paper 
contributed to develop a general model of search market equilibrium with 
heterogeneous buyers and. sellers, in which the special properties of many previous 




In this section, we describe the sources of data that are adept to this study. 
Amounted to transaction prices and macroeconomic indicators, 8 different series o f 
data over time are covered. The transaction prices will be described first. I n the next 
part, we go through real interest rate, real aggregated housing price index, real stock 
market index, real wage, inflation rate, unemployment rate and growth rate of housing 
loan. 
Section 3.1 Transaction Prices 
This section consists of a factual and a statistical description on the database. 
In Hong Kong, the Land Registry is the legal authority facilitating the property 
transactions and keeping records of the housing market activities. A l l the transactions 
of property rights w i th in Hong Kong have to be registered in the department. 
Based on the collected information, the Census and Statistics Department of 
Hong Kong reports various housing-related data on a regular base, either quarterly or 
annually. Almost all the data released is highly aggregated and mathematical adjusted 
such as rental index and housing price index. This macro-typed data can only serve well 
on investigation for the relationship between the housing market and the macro 
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economy situation yet it is not suitable for our study, owing to the micro-nature of the 
price dispersion. 
Alternatively, we employ another dataset provided by a private research center, 
Economic Property Research Center. A limitation of the dataset is incapable of 
recording all the transactions in the market. To deal with the incompleteness of data, we 
confine our study in 44 estates listed as the most frequently traded in EPRC, (Table 2). 
The merit o f the data set is that the micro-aspect of each transaction can be traced. No t 
only prices and corresponding gross feet but also address, floor and so forth can be 
traced for each transaction. Therefore, we can construct a price index, a price dispersion 
indicator and also analyze the fluctuation of the index with the quality controlled on 
each transaction. 
The sample period starts from the first quarter of 1992 to the fourth quarter of 
2001. Totally, 44 estates are selected and the sample size is 193,121. To prevent from 
miscounting those non-market activities such as ownership transaction, preliminary sales 
and purchase agreement and so forth, only the residential housing wi th the official 
housing sale and purchase agreement is examined in this study. The sample is grouped 
quarterly and the corresponding price dispersion indicators are computed. The average 
number of transactions is more than 5,000 in each quarter. It provides a robust 
foundation for statistic inference. 
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Section 3.2 Macroeconomic Variables 
The sources of macroeconomic data are from Monthly Statistics Bulletin and 
Hong Kong Monthly Digest of Statistics published by Hong Kong Monetaiy Authority 
and Hong Kong Census and Statistics Department respectively. 
The Monthly Digest of Statistics provides the information of the real aggregated 
housing price index, the real stock market index, the real wage, the inflation rate and the 
unemployment rate. The real interest rate and the growth rate of housing loan are 
extracted from the Monthly Statistics Bulletin. Since the raw data are mainly in nominal 
term, i t is not suitable for this study wi thout manipulation. 
Real aggregated housing price index 
The real aggregated housing price index is the property price index adjusted by the 
general price level. The property price index is based on analysis made of transactions 
scrutinized by the Rating and Valuation Department for stamp duty purposes. 
Transactions which are considered acceptable are included in the analysis. However, 
those transactions, the date of sale of which is more than 12 months prior to the date 
o f scrutiny, are excluded. Also excluded from the analysis are those transactions 
involving a mix of property classes, premises which have not yet been assessed to rates 
and domestic premises sold subject to existing tenancies. Date of sale is the date on 
which an Agreement for Sale and Purchase is signed. It should be borne in mind that 
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provisional agreement is generally reached 2-3 weeks earlier. 
Real stock market index 
The real stock market index is the Hand Seng Index adjusted to the price level. 
This index is the key barometer of the Hong Kong stock market and reflects general 
price movements and the performance of the market as a whole, since its launched on 
24 November 1969. 
The constituent stocks of this index are 33 stocks representative of the market. 
The aggregate market value of these stocks accounts for about 70% of the total market 
capitalization on the Stock Exchange of Hong Kong Limited. To better reflect the price 
movements of the major sectors of the market, the 33 constituent stocks are groups 
under 4 sub-indices, viz. Commerce and Industry, Finance, Properties and Uti l i t ies. 
Real wage 
Wage rate is basically the price of labor and refers to the amount of money paid 
for normal time of work. It includes, apart f rom basic wages and salaries, cost o f living 
allowances, meal benefits, commissions and tips, good attendance bonuses, shift 
allowances, guaranteed year-end bonuses and allowances. The nominal wage index 
measures the pure changes in wage rates unaffected by changes in industrial and 
occupational structure between two successive reference months. 
The real wage, obtained by deflating the nominal wage index by the Consumer 
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Price Index (A), indicates changes in the purchasing power of amount of wages earned. 
Inflation rate 
Based on the information, we adopt the year on year rate of change in the 
Consumer Price Index (CPIA) as an indicator of inflation rate. The CPIA measures the 
changes over time in the price level of consumer goods and services generally 
purchased by households. Based on the household expenditure patterns obtained 
f rom the Household Expenditure Survey (HES) conducted, the Census and Statistics 
Department has updated the base period and expenditure weights for compiling the 
CPIs. In addition to the expenditure weights, a Monthly Retail Price Survey is 
continuously conducted by the C &SD for the compilation of the CPI. 
Unemployment rate 
The unemployment rate refers to the proportion of unemployed persons in the 
labor force. The labor force refers to the land-based non-institutional population aged 
15 and over who satisfy the criteria for inclusion in the employed population or the 
unemployed population. 
The unemployed population comprises all those persons aged 15 and over who 
fulf i l l the following conditions: a) have not had a job and have not performed any work 
for pay or profit during the 7 days before enumeration; and b) have been available for 
work during the 7 days before enumeration; and c) have sought work during the 30 days 
17 
before enumeration. 
Real interest rate • 
The real interest rate adopts the definition that it is the difference of the nominal 
interest rate and the inflation rate. The inflation rate is discussed, in the above. In the 
choice of a representation of the nominal interest rate, we put highest propriety on 
consistency that the indicator is tractable over time. The best lend rate that refers to the 
rate quoted by the Hong Kong and Shanghai Banking Corporation Limited is the 
represented rate in this study. Since the annul of the maximum interest rate inter bank 
agreement changed the mechanism of interest rates determination at November 1995, 
only the best lending rate that has being quoted after and before that change fulfills the 
consistency. 
Growth rate of housing loan 
The rate equals to growth rate of the residential mortgage lending. The loans are 
granted by 33 authorized institutions to professional and private individuals for the 
purchase of residential properties in Hong Kong, other than flats in the Home 
Ownership Scheme, the Private Sector Participation Scheme and Tenants Purchase 
Scheme, regardless of whether the properties are intended for occupation by the 
borrowers or for other purposes. The 33 authorized institutions accounted for about 




In this section, the methodology and the statistical procedures are explained in 
order. First, the calculation of "controlled" housing prices is explained. Then, the 
calculation of the price dispersion and skewness are presented. OLS model and VAR 
modes are elaborated in the exploration of the relations among the price dispersion, 
skewness and other macro variables. 
Our housing dataset, starting from January 1992 to December 2001, is 
grouped in quarters, 44 in total. The choice of quarterly frequency has some 
justifications. To compute a meaningful price dispersion and skewness measure, it is 
necessary that there wil l be enough transaction in each period. In addition, the choice o f 
period length should take the special feature of housing transaction into consideration. 
A transaction in residential housing takes time and that time period typically depends on 
different institutional constraints. In Hong Kong, a transaction, starting f rom the 
signing of the preliminary selling agreement to the signing of the final Agreement for 
Sale and Purchase, with the down-payment deposited to the seller, typically takes not 
more than two months to complete, and hence grouping the data in quarterly frequency 
seems to be appropriate. The monthly fluctuations are automatically eliminated as well. 
Furthermore, to investigate the relationships among the macroeconomic variables and 
19 
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the price dispersion and skewness, it is appropriate to have the two groups of variables 
reported in the same frequency. In Hong Kong, the highest frequency of the official 
macroeconomic data is quarterly. Using lower frequency data is possible but some 
information might be lost in the time aggregation and thus quarterly data is chosen for 
this research. 
During the 1990s, it is not uncommon for Hong Kong to experience 
two-digit annual inflation, thus the housing prices in this paper are all converted in real 
terms. I t is also more compatible with economic theory, which typically focuses on real 
prices rather than nominal prices. Empirically, the real price of each housing unit is 
defined as: 
pN 
P/； = — ^ E q n . ⑴ 
t = 1’ 2,..., 40 
i = 1，2，... ’ n, 
The real price o f 产 housing unit in period t，Pf，is defined as the nominal price 
o f that, P!^，divided by the Consumer Price Index (A) at period t, CPI(A)^. Notice that 
the total number of housing units being traded in the market in period t, n^ ，is not a 
constant. There are totally 40 quarters in our sample. After this transformation, this 
paper is ready to compute the "uncontrolled" price dispersion and skewness. However, 
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by definition, the "uncontrolled" measures, suffers f rom the lack of quality control and 
hence may essentially "compare oranges with apples." To correct for this shortcoming, 
this paper wi l l emplcy a hedonic pricing regression approach to eliminate the price 
difference due to difference in observable attributes. 
Section 4.1 Hedonic Pricing 
The major obstacle to accurately measure the extent o f housing price dispersion is 
the intrinsic heterogeneity of housing units. To control for the heterogeneity, this study 
adopts a commonly used approach, namely, the hedonic pricing regression. In each 
period, a hedonic pricing model which regress the transaaion prices wi th the 
corresponding attributes of the transacted housing units is estimated. The residual f rom 
the regression is interpreted as the "quality-controlled" real housing prices, f f (C) in 
the following analysis (henceforth, controlled prices). The empirical work of Leung, Cheng 
and Leong (2002) show that a simple linear hedonic pricing equation applied to the 
Hong Kong data can consistently explain at least 80% of the cross-house difference in 
V 
transaction prices. This paper follows that work and wil l use the same set o f housing 
attributes to "calculate" the controlled housing prices. Following Leung, Cheng and 
Leong (2002), the regression equation to be run is: 
3 10 
P'(U) 二 constantI + ^ ( h , H k , + Z P 山 , + s, Eqn.2a 
k=\ l=\ 
where {//切} are the standard housing attributes including are the floor, the size of 
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the flat and the luckiness of the and {丄“，} are "locational" factors including the 
dummy variables for the distances from mass transportation and the distances f rom the 
seashore. The controlled housing price can be easily calculated f rom the regression 
P;:{C) = P ; : { U ) - P ; ^ { U ) Eqn.2b 
3 10 
where = K, + + ^ M " 
.Since the hedonic pricing equation is 
k=\ /=1 
estimated independently in each quarter, it does not only controlled for the 
heterogeneity of the housing units, but also takes into consideration of the fluctuations 
of the " impl ic i t prices" of different housing attributes.” 
Section 4.2 Measurements 
In each quarter, the degree of the housing price dispersion is captured by two 
statistical measures^^ the standard deviation of the prices (to capture the second central 
moment of the price distribution) and the price skewness (to capture the third central 
moment of the price distribution) for both the transaction prices (eqn. 3a & 3b)，and 
the quality-controlled prices (eqn. 3c & 3d): 
玛 ( " ) = 、 … E q n . 3a 
V - 1 '=i 
' )The luckiness of the floor is only meaningful to the Chinese. When the number of the floor contains 
the number “8”，the floor is claimed to be lucky. 
Previous studies based on the United States data usually include the number of bedrooms, the 
number of bathrooms, etc. In Hong Kong, however, the owners are allowed to alter the configuration 
without authorization. Therefore, information about existing number of bedrooms and bathrooms are 
not available from any official dataset. 
‘ ‘ S e e Leung, Cheng and Leong (2002) for more details. 
12 For instance, see Garbade and Silber (1976). 
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S K m = - ^ ~ E q n . 3b 
SD,(C) = {Pf ( C ) - P / ^ ( C ) J Eqn. 3c 
SK, (C) = - ^ - X {P/； (C) - / f (C)J Eqn. 3d 
where P,'、U、= f / ^ , = , n, is the number of 
;=1 ^！ /=I f^i 
observation in period t, t = 1, 2, ..., 40. Although these estimators are unbiased and 
efficient, they are subject to a scale effect. When the average real price is higher, the 
absolute values of the estimators are higher even i f the relative deviation from the 
average price is no change. To correct for the scale effect, we augment the estimators by-
adjusting the average real price in each period as following： 
u SD,{U) ^ A 
Eqn. 4a 
c SD,{C) 
<J, 二 ~ p Eqn. 4b 尸 , (C) 4 
K, = ^ Eqn. 4c 
c SK 人 Q P i j Kf = p nj- hqn. 4d 
where O"厂 is the (mean-) adjusted standard deviation of the uncontrolled real 
housing prices, g\ is the (mean-) adjusted standard deviation of the controlled real 
housing prices, a:," is the (mean-) adjusted skewness of the uncontrolled real housing 
。See, for instance, Mukherjee, White and Wuyts (1998, chpt.3) for a discussion of these measures. 
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prices, and /c^ is the (mean-) adjusted skewness of the controlled real housing prices. 
Section 4.3 Stationarity 
Before any formal testing, however, it is necessary to verify that the time series 
1 
being tested is stationary, because a non-stationary series may cause spurious regression 
and therefore only stationary variables are used for statistical analysis^.. To check for 
the stationarity of the studied variables, the augmented Dickey-Fuller Test (ADF) is 
applied (Eqn. 5a & 5b). 
AR(p) process: 
少，二 a + (1 - + 办卜丨 + + A t = 1，.••，n E q n . 5a 
which can also be rewritten as 
p 
/Sy,=a + p5i 一 /7V,_, + J^Z/Ay,—, t = l , ..., n Eqn. 5b 
/=i 
Where p is the order of augmented of the test and a is a non-zero drift. The null 
is now Hq. p =1-^ =0 against H I : (j) =(I)q <1. I f the null cannot be rejected at 5%, 
we conclude that the variable, {y}, is not a stationary process. Although A D F has good 
power characteristics as compared to other unit root tests in the literature, it is 
nevertheless not very powerful in finite sample for the alternatives, when (f)^  is near 
unity. Moreover, there is a size power trade-off depending on the order of 
14 A covariance stationary series y, fulfills three criteria: E{y,) = E[y 卜.�.)=// ， 
£ [ ( 兄 - / / ) ] = _.、.-』:w'here " ’ o^  
and 八.are constant. A time series that violates any of the above criteria is non-stationary data. A 
non-stationary series will cause spurious regression and therefore only stationary variables are used 
for statistical analysis. See Greene (1997) for more details. 
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augmentation used in dealing wi th the problem of residual serial correlation. Therefore, 
it is often crucial that an appropriate value is chosen for p, the order to augmentation o f 
the test. This study depends on both the Schwarz Bayesian Criterion (SBC) and Akaike 
In format ion Cr i ter ion (AIC) are compared to make the best choice. 
I f the variable is found to be non-stationaiy, the first-difference of the variable wi l l 
be used instead. I t wi l l be subject to the same stationarity test and the same procedure 
w i l l be repeated un t i l a stationary t ime series is identified. 
Section 4.4 Ordinary Least Square 
The method of Ordinary Least Square (OLS) is applied to explore the vertical 
relation between the economic situation and the housing price dispersion. Four general 
models are constructed to test against the relations between the seven macroeconomic 
variables and the housing price dispersion indicators. 
General Models： 
7 
^ J == C j + ( l>jJj + X (piX, + £ j Eqn. 6a 
CD 广 
The dependent variables, {Oj} , in the models are the measures o f the extent 
o f housing price dispersions. The independent variables are consisted of a constant 
term, {Cj}, a linear trend, {Tj} and the seven macroeconomic variables, {Z；}, (the real 
interest rate, real aggregated housing price index, real stock market index, real wage, 
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inflation rate, unemployment rate and growth rate of housing l o a n ) . I t is well known 
that the OLS has some limitations for these relations^^ To complement it, VAR and 
Granger causality are implemented. 
With conformity of parsimony, restrictions are added on the general models 
consecutively. The principle prevents our models from the trap of pre-assumed relations, 
which have incorporated implicitly in the selection of the macroeconomic variables. To 
obtain a restricted model, we test a series of hypothesis on the general model. In the 
detail, we beginning with a null hypothesis that the first regressor is zero and no 
statistical significance against that it is a non-zero significant factor in the model. I f the 
null hypothesis cannot be rejected, we move to another null hypothesis that both the 
first and the second regressors are statistical insignificant whereas i f the first null 
hypothesis is refuted, we move to another null hypothesis that the second regressor is 
not statistical significant. The change of null hypothesis carries on until restrictions on 
all regressors are tested. This is a joint test of zero restrictions and we report the 
significant jo int test result only. 
Restricted Model 
m P 
= m Z ^ ' + j j j X j + s , Eqn. 6b 
/=1 j^i 
15 The error term, s.，is assumed to be normal distribution with zero mean and a constant variance. 
16 see Greene (1990) and Gujarati (1995) 
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where, R(0) is the restriction that the corresponding coefficient equals to zero. The 
max imum number of restrictions put on the model is m. 
Lagrange Multiplier Statistic (LMS), Likelihood Ratio Statistic (LRS) and F-Statistic 
(FS) are computed to verify the significance of jo int test. 
Section 4.5 Vector Autoregressive Model and Granger Causality 
In a dynamic system, interactions among variables are possible. I f this happens, it 
is not clear which variables are "dependent" and. which are "independent." This makes 
the interpretation of 〇LS type regression difficult. To correct for this potential 
shortcomings, Vector Auto Regressive models (VAR) are used. The models are 
especially suitable for this study since they allow for interactions among different 
variables and have fewer presumptions. I t can also conf i rm the previous regression. 
One of the biggest practical challenges in VAR modeling is to choose the 
appropriate lag length, since the real-life time series data are typically much shorter than 
the ideal situation. It is particularly true for this study with a relatively short period of 
housing price data and quarterly macroeconomic data. 
We estimate four 8-varialbe VAR separately so that various possible relationships 
o f the housing price dispersion indicators and the seven macroeconomic variables can 
be explored wi thout mass. In vector form, 
X t +."•• + Eqn. 7 
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where X^ represents an eight-variable vector. In each of four 8-variable VAR, the 
vector contains one indicator from the housing price dispersion and the seven 
macroeconomic variables. 
Since the 8 variables VAR exhausts the degree of freedom in addition of a lag and 
the number of observations are relatively limited in this study, here we also estimate 
many combinations of bi-variant VAR. Statistically, they are represented by 
X , + + 〜 Eqn. 8a 
7=1 .H 
r, = C2 + 么 r + + t ^ / , - , + "2, Eqn. 8b 
,/=l ./=1 
CI, C2 ~ constant terms 
T ~ linear time trend 
p N the number of lags 
Uit,pt2t ~ the error terms 
The housing price dispersion indicators, cr厂，of，a:厂 and a:,(，are represented by 
Xjy and the macro variables represented by . In each VAR model, the relation of two 
variables is estimated. In each regression, one variable is selected from the housing price 
dispersion indicators and one from the macro variables. Amounted to the different 
combinations, we have 28 models and 56 equations to be estimated. 
The model of Eqn. 8a describes how the lags of the price dispersion 
indicator and the lags of the macro variable in explanation of the price dispersion 
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indicator. The other model Eqn. 8b describes how the lags of the price dispersion 
indicator and the lags of the macro variable in explanation of the macro variable. 
In each bi-variable VAR model, the estimation is started, wi th the maximum 
time lag of 10. The statistical significance wil l be tested and the maximized value of 
log-likelihood is calculated. With reference to the Awake Information Criterion (AIC) 
and Schwarz Bayesian Criterion (SBC), the optimal time lag wil l be computed and. the 
serial correlation in error terms w i l l be ruled out by construction. 
VAR is a good tool to study the dynamic interactions between two variables in 
the sense that it provides estimates for the impact of each lag of one variable on 
another one. However, as a well-known drawback of VAR, the individual coefficients in 
the estimated VAR models are often difficult to interpret, especially when the signs are 
not al the same. To answer the question of whether the impacts of all lags of one 
variable, summing up in a certain sense, is significant enough to "cause" another variable, 
a more robust test is needed. Therefore, here supplements the analysis wi th the Granger 
Non-Causality (GNC). Statistically, it means that it is testing the hypothesis that 
//o ： r； = 0 Eqn. 9a 
//； ： ^ 0 Eqn. 9b 
//o" : /I. = 0 Eqn. 9c 
H;' Eqn. 9d 
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In each model, we have two equations and tests two GNC. For Eqn. 8 a, the null 
hypothesis is the selected macro variable does not explain the selected housing price 
dispersion indicator (Eqn. 9a). Since we allow any kind of relation between the two 
variables, the two-sides test is that they have relation, either positive or negative (Eqn 9b.) 
For Eqn. 8b, the null hypothesis is the selected housing price dispersion indicator does 
not explain the selected macro variable (Eqn. 9c) and the alternative is that they have 
relation (Eqn 9d). 
We put more concern on the result of the GAR on the Eqn 8a. I f the null 
hypothesis is rejected at 5 % with the Maximized value of log likelihood statistic, a 
statistical robust relation between the housing price dispersion indicator and the macro 
economy variable can be established. The logic is applicable to test the Eqn. 8b yet we 
do not attempt to explain the relation i f the corresponding null hypothesis is not 
statistical significant. A l l the VAR models and G A R results are reported in this study. 
The principle of parsimony is also applied in estimation of a restricted VAR 
model. The restrictions on VAR is different from that on OLS in the sense that it is not 
determine which of the macroeconomic variables explains the housing price dispersion 
indictor but it is to determine which period of time lag affects. To verify the statistical 





In this paper, seven variables are selected as the macroeconomic indicators. They 
all reflect the economy performance but do not identically related to the price 
dispersion. The real interest rate and the real wage are the direct measures of the 
searching costs. Affecting the usefulness of searching, the inflation rate relates to the 
price dispersion indirectly. The remainder indicators, the growth rate of loan, the real 
housing price index and the real stock market index, serve as proxies of the market 
participation which is a rather revealing of the price dispersion at equilibrium.^^ 
Negatively related to the price dispersion the marginal searching cost is modeling 
by Dana (1994). The real interest rate is the implicit searching cost that firms hold the 
flats longer in the chance of selling at higher prices. When the real interest rate increases, 
the cost of reserving flat in stock rises, fewer firms willing to take the chance of holding 
for high prices. Inversely, more firms fasten the sales by cutting prices. In relative to the 
lower bound of the flat price which are related to all the payment made in the 
construction of flat by firms, the range of the prices are narrowed. The price dispersion 
is declined. 
When the same logic is applied to the buyer side, the price dispersion is positively 
17 The availability of loan will affect how many consumers could potentially participate in the market. 
The aggregate housing price would have an impact on the demand for housing through the 
down-payment effect, as emphasized by Stein (199?). The stock price is a proxy of the wealth. 
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、： 
response to the raise of the real wage. The real wage is the opportunity cost that the 
buyers do not take the instant offer and search for lower prices. The higher wage level 
means the searching cost higher. When the buyers search at lower optimal level, the 
length of search drops and the average number of firms as well as flats visited decrease, 
rising the likelihood of buyers to accept higher prices. That rising of reservation prices 
encourages more firms to charge higher prices. In relative to the lower bound, the 
reservation prices which are the upper bound are more deviated. The degree of price 
dispersion increases, a widen range of prices. Therefore, the price dispersion is 
positively related to the real wage. 
Since the inflation, the change of price, decreases the length of information 
usefulness, the price dispersion and the inflation are positively related (see Roland 1988). 
In the imperfect information market, only the consumers incur the searching costs in 
the process that they obtain the most favorable prices. When the general price level, not 
the relative prices, is not stable, the consumers that keeps the nominal searching cost 
cuts the searching length. They are willing to raise reservation prices because of 
spending less search time. O n the firms' side, they do not confused in the inflation with 
the asymmetric information. A higher upper bound that more firms can seek results that 
the range of prices are widen when the inf lat ion increases. 
Theoretically, the previous studies do not investigate any relation between the 
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market participation and the price dispersion directly. Because of the lack of a formal 
model, some logical arguments are presented instead. 
The growth rate of housing loan and the real housing price index are positively 
related to the price dispersion. Their values reveal the level of the market participation. 
The higher values of these indicators are the result of the higher demand on housing 
units, the increasing number of buyers in the market. To each firm, the average number 
o f buyers visited increases. Hence, the chance of settling at a higher price increases. 
That encourages more firms setting higher prices. The extent of the price range is 
widening. 
As the market reflection as the previous indicators, the real stock market index 
represents more information from the expectation. The higher the index means the 
buyers have higher expected disposable wealth. The higher expenditure level bolsters up 
the higher demand of the housing. With the same logic as above, more firms are will ing 
to take the chance of setting higher prices. The extent of the price dispersion is 
increased as a result. 
Lastly, the unemployment rate is negatively related to the price dispersion. The 
relation are the result of two separated effects, expected income and opportunity cost 
when the unemplcyment rate. Since the unemployed has no income, the average 
spending on the housing drops when the unemployment level climbs up. The lower the 
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wealth means the lower demand on the housing. The firms are less probable to 
complete transactions at higher prices. Contraiy to charging higher prices, more firms 
cut their prices. Moreover, the unemployment means the idle of time at which the 
opportunity cost is lower. The implicit costs of buyers are lower, resulting more 
extensive search. It increases the buyer's information and decreases the chance of 
transaction at higher prices. Combining these, more firms are willing to charge lower in 
response to the lower chance of higher prices deals. The price range is narrowed, a 





In this section, the empirical results are reported in order. First, it wi l l be the 
performance of the hedonic pricing model, because it is how heterogeneity is 
"controlled" in this paper. Based on that, the relationship between the different housing 
price dispersion indicators on the one hand, and the macro-economic variables on the 
other hand w i l l be examined. 
Section 6.1 Hedonic Pricing Models 
Since the hedonic pricing models generate the "controlled" housing prices for 
further analysis, the fitness of the models measures the extent of validity of this study. 
O n the other hand, the point estimates of different coefficients and t-ratio of each 
factor in the model are not our focus. It suffices to say that the point estimates of each 
housing attribute delivers expected signs and reasonable consistent over time. Interested, 
readers are referred to Table 4a for the details. ^ ^ 
(Table 4a about here) 
Over the whole sample of 40 quarters, both the average value of R square and R 
bar square are very high, over 0.78. Even the minimums of both are over 0.69 (see 
Table 4b). Moreover, both the R square and R Bar square are stable over the sample 
18 See also Leung, Cheng and Leong (2002). 
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period (see Figure 2a & 2b). Equipped with these, this paper is ready to calculated the 
"qual i ty control led" housing prices, and the extent of the price dispersion over t ime. 
Section 6.2 Real Housing Price Dispersion Indicators and Macro Variables 
We report some basic facts about the price dispersion indicators and the 
macroeconomic variables here. Both the uncontrolled and controlled indicators, 
adjusted for inflation and divided by the mean, are summarized in Table 5a. Two facts 
emerge. First, both the uncontrolled and. controlled standard deviations are very stable 
(see Figure 3a & 3b). Over the ten years, they do not have any level change or a large 
fluctuation. Second, both the uncontrolled and controlled skewness are almost always 
positive over time (see Figure 3c & 3d). It implies that in the past ten years, the housing 
prices are concentrated at the level higher than the average price. 
(Table 5a about here) . 
(Figure 3 a,h,c,d about here) 
Table 5b provides a useful summaiy of the selected macroeconomic variables, 
which are real interest rate, real aggregated housing price index, real stock market index, 
real wage, inflation rate, unemployment rate and growth of housing loan. Also, their 
patterns over t ime are exhibited in Figure 3e，3f, 3g，3h, 3i，3j and 3k. 
(Table 5b about here) 
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Section 6.3 Stationary Tests 
Before the formal regression, it is necessary to check for the stationarity o f the 
variables. Applying the A D F test, both quality-controlled and uncontrolled standard 
deviation, the price skewness of the quality-controlled prices, real interest rate and. 
growth rate of housing loan are found to be stationaiy, 1(0); the quality-uncontrolled 
price skewness, the real aggregated housing price index, the real stock market index, the 
real wage, the unemployment rate and the inflation rate are non-stationary. We can 
conclude that the non-stationary variables contain one unit root, 1(1), since they are 
stationary after the first difference, or de-trended (see Table 6a & b). The de-trended 
variables are exhibited in fig 4a, 4b, 4c, 4d, 4e and 4f and Table 6b. 
(Table 6a, b about here) 
Section 6.4 Results from the Ordinary Least Square Regressions 
In this section, we report results from OLS regressions, for both uncontrolled and 
controlled price dispersion indicators. 
Standard Deviation of quality-Uncontrolled prices (Table 7a) 
In the unrestricted model, all the coefficients suggested by the general model (Eqn. 
6a) are estimated. Only the constant term and the growth rate of housing loan (GL) are 
statistically significant at 5% with t-test. Even at a higher critical level 10%, the other 
variables cannot reject the null hypothesis that they have no relationship wi th the 
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controlled standard deviation. 
More variables are found statistically significant in the restricted, model: at the 
critical level 5%, the constant term, the de-trended stock market index (dS.L), the 
de-trended unemployment rate (dU.R.) and the growth rate of housing loan are 
significant. To support our sensibility of the restriction, the tested statistics, consisting 
of LMS, LRS and FS, are higher than In other words, our restrictions on the 
model do not omit any useful information from the variables. The overall performance 
of the restricted model is acceptable as well. Both the R square and R bar square of the 
restricted model (Eqn. 6b) are higher than 0.4. 
Standard Deviation of quality-Controlled prices 
One difficulty of using the quality-uncontrolled prices is that as the measured price 
dispersion varies, it could veiy well be that the pool of housing units is changed 
significantly. This masks the true movement of price dispersion. To correct for this 
potential shortcoming, the regressions are repeated on the quality-controlled housing 
prices. 
In the unrestricted model (Eqn 6a), the 5% statistically significant regressors are 
the constant term and the growth rate of loan. When we put restrictions on the model, 
the de-trended real stock market index and unemployment rate also found to be 
‘ ) W e have also examined the statistical properties of the error terms. In both models, they are 
distributed normally and independently. Also, the variance of error term is statistically constant. 
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significant (Table 7b). 
The relationships between the standard deviation of the housing prices and the 
macroeconomic variables are now reported. Both the de-trended real stock market 
index and the growth rate of housing loan are found to increase the standard deviation 
o f the controlled prices, while the de-trended unemployment rate suppresses the 
standard deviation. 
The overall performance of the restricted model is acceptable. Both the R square 
and R bar square are over 0.5, which are slightly higher than the case for 
quality-uncontrolled prices. It means that the macroeconomic variables included can 
explain the controlled standard deviation to a certain extent, although the changing 
composit ion of housing units also plays some role. 
Skewness of quality-Uncontrolled prices 
When the unrestricted model (Eqn 6a) is estimated, three variables are found 
statistically significant at 5% level: the de-trended aggregated housing price index, the 
inflation rate, and the growth rate of housing loan (Table 7c). In contrast, two more 
variables are found to be statistically significant in the restricted model: the constant. A l l 
the LMS, LRS and FS are sufficiently higher than 0.55, implying that the restricted 
model cannot be distinguished from the unrestricted model. The restricted model has 
The corresponding error terms are distributed normally and are not serial correlated. Statistically, the 
variance of the error term is constant. 
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the nearly the same R square and R bar square as the uncontrolled standard deviation 
model. O n the other hand, the restricted model suffers some problems. For instance, 
the error terms are not (distributed normally and the variance of the error terms is not 
constant. This undermines the validity of the t-test and the model adequacy. Now, the 
attention is turned to the models for quality-controlled prices. And they do not share 
these problems. 
(Table 7a，kc about here) 
Skewness of the quality-Controlled prices 
The case for price skewness is illuminating (Table 7d). In the unrestricted model, 
none of the macroeconomic variables is statistically significant, excepting the trend. In 
the restricted model, regressors are dropped significantly with reference to LMS, LRS 
and FS. The significance of the trend is more prominent. However, none o f 
macroeconomic variables is found significant. 
Comparing with the results on quality-uncontrolled prices, we may conclude that 
the statistical relationship between the price skewness and the macroeconomic variables 
is il lusionary, simply due to the changing pool of the housing units being traded. 
Section 6.5 Results from Vector Auto Regressive Models 
The extent of housing price dispersion could be interacted by the macroeconomic 
variables interacted in many different ways. For instance, the price dispersion might be 
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affected by current period values of the macroeconomic variables, and that can be 
captured by the previously mentioned OLS regression. On the other hand, since the 
housing market plays an important role in the aggregate economy, there could be a 
feedback effect from the housing market to the macroeconomic variables, and in that 
case, OLS is insufficient to capture all the interactions. To explore for any possible 
interactions between the extent of price dispersion and the macroeconomic variables, 
VAR models are estimated for each price dispersion indicator and each individual 
macroeconomic variable. The Granger Causality provides an alternative and quick 
method to determine which variables are significant in explanation of the process of the 
price dispersion indicators. 
Eight Variables VAR (see Table 8) 
At 5% level of statistical significance, all variables in the four models can reject the 
Ganger Non-Causality that the variable does not explain any the other variables in the 
model. It implies that the seven macroeconomic variables and the housing price 
dispersion indicators have certain relations. However, the more precise relations are not 
clarified. 
Bi-Variant VAR 
Standard deviation of quality-uncontrolled prices 
Among the macroeconomic variables, only the de-trended inflation rate and 
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unemplcyment rate Granger causes the standard deviation of quality-uncontrolled 
housing prices (or uncontrolled standard deviation in short) (Table 9a). 
(Table 9a about here) 
Here are the details of the corresponding VAR regressions (Table 10a). Although 
the order of model with the de-trended inflation rate is four, the si^ifiamt order reduces 
to one after putting the restriction on the model. The one period lag of the de-trended 
inflation rate is negatwety related to the uncontrolled standard deviation. It implies that 
when the de-trended inflation rate increases, the uncontrolled standard deviation one 
period, later declines. For the de-trended unemployment rate, the result is similar. The 
significant order is one and the lag of the de-trended unemployment rate is negatwdy 
related to the uncontrolled standard deviation as well. I t means that the standard 
deviation of the real housing price wil l be reduced one period, later when more people 
become unemployed in the labor market. 
Standard Deviation of the quality-controlled prices 
To isolate the effect of changing composition of the housing units being traded, 
here also examine the standard deviation of the quality-controlled prices (or contmlM 
standayddonation in short). Four macroeconomic variables are found Granger causing the 
21 Under the likelihood ratio, the probabilities for the first difference of the inflation rate (le) and 
the unemployment rate (If) cannot explain the standard deviation of the uncontrolled housing prices are 
0.071 and 0.027 respectively. 
42 
controlled, standard deviation (Table 9b). They are the de-trended real aggregate housing 
price index, the de-trended inflation rate, the de-trended unemployment rate, and the 
growth rate of housing loan. 
The controlled standard deviation is positively related to de-trended real aggregate 
housing price index and the de-trended inflation rate, while negatively related to the 
de-trended unemployment rate (Table 10b). It is interesting to note that the relationship 
between the inflation rate and the standard deviation of housing prices changes f rom 
negative to positive once the changing composition of housing units are taken into 
consideration. 
A more subtle relation between the controlled standard deviation and the growth 
rate of the housing loan is found. While the point estimates of the 2-period. lag, 
4-period lag and 5-period lag of the growth rate of the housing loan are negative, the 
point estimate of the 3-periods lag counterpart is positive. Overall, the effect of lagged 
growth rate of the housing loan on the controlled standard deviation is negative. It may 
suggest that as the loans available for housing increases, the financial constraints of 
buyers, on average, become less binding. Sellers rationally anticipating this and then the 
housing units can be all sold closer to the price if no one were subject to financial 
constraint.22 Therefore, the controlled standard deviation decreases over time. 
22 Or, in Stein (1995) language, the fundamental price of the housing units. 
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Skewness of the quality-uncontrolled prices 
Statistically, only the real interest rate, the de-trended real aggregate housing price 
index and unemplqyment rate Granger cause the movement of the skewness of the 
quality-uncontrolled housing prices (or uncontrolled skewness in short) over time (Table 9c). 
The pair-wise VAR models provide more information (Table 10c). When the real 
interest rate increases, the uncontrolled skewness decreases one period later. I t implies 
that less housing units are sold above the average housing price at that period i f the 
difference of the real interest rate increases at the previous period. 
(Table 9c & 10c about here) 
When the de-trended aggregate real housing price index increases, the uncontrolled 
skewness w i l l increase in the following period, which is not too surprising. 
The dynamic interactions between the de-trended inflation rate and the 
uncontrolled skewness are subtle. The uncontrolled skewness is positively and 
significantly related to the de-trended inflation rate three periods before, and at the same 
time negatively and significantly related to the de-trended inflation rate five periods 
before. Furthermore, the absolute value of the point estimates of 3 period-lags is found 
to be larger than that of 5 period-lags. It means that overall, when the inflation rate 
increases, the uncontrolled skewness also increases later on, and the immediate response 
of the skewness to the change of inf lat ion is overshooting. 
I 
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Skewness of the quality-Controlled prices 
Among all the seven macroeconomic variables, none of them is found to be 
significant in explaining the movement of the controlled (Table 9cl). Moreover, the 




In the four 8-variant VAR models, all the macroeconomic indicators are reported 
as the significant factors in the corresponding models. The significances of different 
indicators are not held in the other types of models, OLS and Bi-Variant VAR. The 
discrepancy is caused by two factors. First, the selection of time lags in different models 
is not the same. The 8-VAR models consume a larger amount of degree of freedoms. 
Limiting by the number of observations, the numbers of time lags in the models are not 
allowed to be longer. The time lag employed in the bi-Variant VAR models are 
optimized, due to the extra freedom granted by a decrease in the number of variables. It 
results in the different time lags among the models. Second, the test results f rom the 
8-VAR models only validate that the factors are useful in the explanation of the model, 
not specify which factors dominate others. To search more economic intuition f rom the 
empirical investigation, more attention being paid on the OLS and Bi-Variant VAR 
models. 
Combing the results from the two types of models, the responses of each indicator 
to the price dispersion measures are falling into four categories. First, the responsiveness 
is statistically significant in both models. Second, that is insignificant in both models. 
Third, the OLS shows a significant response but the Bi-Variant VAR does not. The last, 
the OLS do not show any significant response but the Bi-Variant VAR does. 
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(Table 10) 
The most robust founding in this paper is consistent with the previous studies that 
the inflation rate is positively related to the price dispersion. When the relation is 
estimated by the OLS, either controlling the quality or not, the response of the standard 
deviation is statistically significant at 10%. The information distortion effect f rom the 
inf lat ion also dominates in the search equil ibrium of the housing market. 
Other than that, the real interest rate, which is recognized of the opportunity cost 
o f firms search, is not reported any significant relation with the price dispersion 
indicators. In the housing market, the firms process more information than the buyers. 
The asymmetric information may contribute to the firms' ignorance in the searching. 
N o search needed results the lower influence from the change of real interest rate. 
Conclusion 
This paper investigates whether the interaction between macro economy and real 
estate market do exist, with reference to Hong Kong's market. Several relations between 
them are reported statistical significance based on the ground that the hedonic pricing 
models successful curb the price dispersion due to the heterogeneity of the housing 
attributes. 
In light of this study, further research can be extended in several directions. First, 
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the future research can extend the investigation with a longer time series or data from 
different cities. Second, theoretical models can be built to mimic the findings here. After 
all, the price dispersion in the housing market remains largely unexplored. This research 




The Degree of Market Activeness 
Total Sales of Housing Total Housing Stock Degree of Activeness of 
(Thousands) (Thousands) the Market 
Year US H K US H K US H K 
1991 3,553 176.70 107,276 781.33 3.31% 22.62% 
1992 3,889 135.26 108,316 805.07 3.59% 16.80% 
1993 4,230 133.06 109,611 832.61 3.86% 15.98% 
1994 4,410 114.89 110,952 866.01 3.97% 13.27% 
1995 4,350 97.65 112,655 892.8 3.86% 10.94% 
1996 4,711 147.42 114,139 923.19 4.13% 15.97% 
1997 4,915 205.46 115,621 942.22 4.25% 21.81% 
1998 5,589 111.49 117,282 962.58 4.77% 11.58% 
1999 98.47 119,044 1000.88 9.84% 
200 0 85.74 1026.11 8.36% 
Sources: The Land Registry of Hong Kong, Hong Kong Property Review, 2001(table3) 
and Housing Statistics of the United States 
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TABLE 2 
Number of Transactions 
N o Estate Name Total Average Proport ion (%) 
1 A M O Y G A R D E N ^ 141.75 
2 B E A C O N H E I G H T S 4784 119.60 2.48 
3 BELVEDERE G A R D E N 3768 94.20 1.95 
4 BEVERLY H I L L 4653 116.33 2.41 
5 B A G U I O V I L L A 4692 117.30 2.43 
6 C H I F U FA Y U E N 5982 149.55 3.10 
7 C I T Y G A R D E N 3102 77.55 1.61 
8 C I T Y O N E S H A T I N 3728 93.20 1.93 
9 DISCOVERY BAY 5210 130.25 2.70 
10 D Y N A S T Y C O U R T 4124 103.10 2.14 
11 F A N L I N G C E N T R E 3471 86.78 1.80 
12 H E N G FA C H U E N 4118 102.95 2.13 
H O N G K O N G G O L D 
13 C O A S T 4232 105.80 2.19 
14 H O N G K O N G PARKVIEW 5845 146.13 3.03 
15 K O R N H I L L 2947 73.68 1.53 
16 K I N G S W O O D V I L L A 3112 77.80 1.61 
17 L A G U N A C I T Y 4757 118.93 2.46 
18 L E I K I N G W A N 3909 97.73 2.02 
19 L U K Y E U N G SUN C H U E N 3124 78.10 1.62 
20 M I A M I B E A C H TOWERS 3383 84.58 1.75 
21 M E I F〇〇 S U N C H U E N 5118 127.95 2.65 
22 M A R I N A G A R D E N ^ 147.70 3.06 
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TABLE 2 (continued) 
Number of Transactions 
N o Estate Name Total Average Proport ion (%) 
23 N E W T O W N P L A Z A 2975 74.38 1.54 
24 P O K F U L A M G A R D E N 3556 88.90 1.84 
25 PARC OASIS 4796 119.90 2.48 
26 PACIFIC PALISADES 4675 116.88 2.42 
27 PARKVALE 4040 101.00 2.09 
28 R I V E R A G A R D E N 4323 108.08 2.24 
29 S U N S H I N E C I T Y 5934 148.35 3.07 
30 SEA CREST V I L L A 4554 113.85 2.36 
31 SCENEWAY G A R D E N 4954 123.85 2.57 
32 S O U T H H O R I Z O N S 3677 91.93 1.90 
33 SERENITY PARK 5927 148.18 3.07 
34 S H E U N G S H U I C E N T R E 5094 127.35 2.64 
35 S U N T U E N M U N C E N T R E 3552 88.80 1.84 
36 T E L F O R D G A R D E N 3746 93.65 1.94 
37 T U E N M U N T O W N P L A Z A 5809 145.23 3.01 
38 T A I K O O S H I N G 4996 124.90 2.59 
39 U P T O W N P L A Z A 3136 78.40 1.62 
40 V I L L A A T H E N A 3773 94.33 1.95 
41 V I L L A G E G A R D E N 4149 103.73 2.15 
42 W E S T L A N D S C O U R T 5325 133.13 2.76 
43 W H A M P O A G A R D E N 4547 113.68 2.35 
44 W O N D E R L A N D V ILLAS 2.04 
Aggregate 193121 4828.03 100.00 
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TABLE 3 Hypotheses 
Standard Deviation Skewness 
Growth rate of Housing Loan + + 
Inf lat ion Rate + + 
Real Aggregated Housing Price Index + + 
Real Interest Rate - -
Real Stock Market Index + + 
Real Wage + + 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE 4B Hedonic Pricing Models 
Fitness of Models 
Period R Square R Bar Square Period R Square R Bar Square 
1992Q1 0.8582 0.8579 1997Q1 0.7422 0.7419 
1992Q2 0.8934 0.8932 1997Q2 0.8088 0.8086 
1992Q3 0.8348 0.8344 1997Q3 0.7988 0.7982 
1992Q4 0.8644 0.8637 1997Q4 0.7856 0.7848 
1993Q1 0.8326 0.8322 1998Q1 0.7957 0.7950 
1993Q2 0.8579 0.8577 1998Q2 0.7740 0.7729 
1993Q3 0.7982 0.7977 1998Q3 0.7878 0.7869 
1993Q4 0.8768 0.8764 1998Q4 0.7638 0.7630 
1994Q1 0.7192 0.7188 1999Q1 0.8117 0.8108 
1994Q2 0.7828 0.7821 1999Q2 0.8109 0.8101 
1994Q3 0.7892 0.7885 1999Q3 0.7731 0.7718 
1994Q4 0.7721 0.7713 1999Q4 0.8050 0.8040 
1995Q1 0.8141 0.8136 2000Q1 0.7731 0.7718 
1995Q2 0.7297 0.7291 2000Q2 0.7291 0.7269 
1995Q3 0.7219 0.7211 2000Q3 0.7067 0.7045 
1995Q4 0.7456 0.7450 2000Q4 0.6922 0.6902 
1996Q1 0.7784 0.7780 2001Q1 0.7498 0.7482 
1996Q2 0.8164 0.8161 2001Q2 0.7614 0.7599 
1996Q3 0.8004 0.7999 2001Q3 0.7682 0.7667 
1996Q4 0.7805 0.7802 2001Q4 0.7726 0.7709 
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TABLE 5A 
Adjusted Real Housing Price Dispersion Indicators 
Quarter USTD CSTD USKW CSKW 
1992Q1 0.4162 0.1570 0.1073 -0.5559 
1992Q2 0.4765 0.1572 0.1157 -0.0720 
1992Q3 0.4078 0.1654 0.1701 0.5221 
1992Q4 0.4084 0.1511 0.0867 0.2363 
1993Q1 0.4087 0.1680 0.1766 1.1571 
1993Q2 0.3900 0.1487 0.1012 1.0285 
1993Q3 0.3867 0.1754 0.0378 -0.1046 
1993Q4 0.4886 0.1746 0.0519 0.0934 
1994Q1 0.4619 0.2467 0.0562 2.6369 
1994Q2 0.4337 0.2270 0.0277 2.5638 
1994Q3 0.3979 0.1850 0.0345 1.3801 
1994Q4 0.4170 0.2979 0.0364 -5.3839 
1995Q1 0.3077 0.1337 0.0306 0.5643 
1995Q2 0.3817 0.2001 0.0451 1.5896 
1995Q3 0.3844 0.2036 0.0649 1.7994 
1995Q4 0.3698 0.1876 0.0429 0.7757 
1996Q1 0.4008 0.1932 0.0343 1.2534 
1996Q2 0.5019 0.2154 0.0304 1.3130 
1996Q3 0.4464 0.2003 0.0260 1.9684 
1996Q4 0.5008 0.2364 0.0209 4.5666 
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TABLE 5A (Continued) 
Adjusted Real Housing Price Dispersion Indicators 
Quarter USTD CSTD USKW CSKW 
1997Q1 0.5072 0.2613 0.0121 2.4268 
1997Q2 0.4552 0.2029 0.0102 2.5029 
1997Q3 0.4305 0.1957 0.0093 2.7740 
1997Q4 0.4063 0.1899 0.0090 3.4402 
1998Q1 0.3734 0.1720 0.0128 2.1267 
1998Q2 0.3526 0.1693 0.0137 1.9375 
1998Q3 0.3406 0.1593 0.0395 2.0931 
1998Q4 0.3479 0.1732 0.0540 1.3305 
1999Q1 0.3578 0.1582 0.0325 1.1714 
1999Q2 0.4075 0.1806 0.0346 3.1791 
1999Q3 0.3763 0.1822 0.0392 3.2624 
1999Q4 0.4377 0.1981 0.0513 3.1541 
2000Q1 0.4207 0.2040 0.0437 0.6665 
2000Q2 0.3895 0.2041 0.0528 2.6794 
2000Q3 0.4848 0.2650 0.1189 3.8442 
2000Q4 0.4004 0.2247 0.0884 3.7637 
2001Q1 0.4109 0.2080 0.0809 1.2601 
2001Q2 0.4275 0.2138 0.1115 1.8156 
2001Q3 0.4210 0.2062 0.1089 0.9906 




Quarter G L H P I I.R. R S.I. U.R. W 
1992Q1 -0.0495 0.0850 0.1005 8.3995 4079.0314 0.0240 0.9915 
1992Q2 0.0614 0.0744 0.0902 6.9098 4825.3450 0.0230 0.9919 
1992Q3 0.0186 0.0723 0.0891 6.4109 4601.8039 0.0190 1.0013 
1992Q4 0.0232 0.0747 0.0937 6.4063 4653.5698 0.0210 1.0108 
1993Q1 0.0119 0.0687 0.0885 6.4115 4789.4975 0.0230 1.0126 
1993Q2 0.0600 0.0627 0.0823 6.4177 5410.4389 0.0220 1.0152 
1993Q3 0.0540 0.0615 0.0819 6.4181 5553.0334 0.0200 1.0217 
1993Q4 0.0101 0.0638 0.0870 6.4130 7416.7559 0.0200 1.0245 
1994Q1 0.0912 0.0530 0.0732 6.4568 7463.8382 0.0220 1.0373 
1994Q2 0.0575 0.0543 0.0767 7.1733 6434.5623 0.0190 1.0342 
1994Q3 0.0463 0.0615 0.0894 7.6606 6639.0032 0.0230 1.0262 
1994Q4 0.2903 0.0586 0.0868 8.4132 5915.8289 0.0200 1.0297 
1995Q1 0.0142 0.0632 0.0956 8.9044 5343.6162 0.0280 1.0324 
1995Q2 0.0078 0.0595 0.0918 8.9082 5828.1372 0.0310 1.0234 
1995Q3 -0.0032 0.0530 0.0834 8.9166 5989.6683 0.0350 1.0139 
1995Q4 -0.0055 0.0464 0.0739 8.8861 6213.6906 0.0350 1.0217 
1996Q1 0.0794 0.0387 0.0623 8.4377 6935.1313 0.0320 1.0310 
1996Q2 0.0943 0.0388 0.0637 8.4363 6712.5038 • 0.0310 1.0222 
1996Q3 0.0861 0.0328 0.0544 8.4456 6666.3553 0.0260 1.0233 
1996Q4 0.1090 0.0353 0.0596 8.4404 6572.2189 0.0260 1.0243 
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TABLE 5B (Continued) 
Macroeconomic Variables 
Quarter G L H P I I.R. R S.I. U.R. W 
1997Q1 0.2130 0.0366 0.0625 8.4775 7661.8691 0.0250 1.0290 
1997Q2 0.1500 0.0317 0.0549 8.6951 8252.0602 0.0240 1.0324 
1997Q3 0.0741 0.0347 0.0610 8.6890 8623.5134 0.0220 1.0324 
1997Q4 0.0396 0.0290 0.0514 9.4486 6047.8060 0.0250 1.0339 
1998Q1 -0.0233 0.0268 0.0480 10.1820 6006.5799 0.0350 1.0329 
1998Q2 -0.0087 0.0232 0.0418 9.9582 5149.4945 0.0440 1.0277 
1998Q3 -0.0322 0.0129 0.0232 9.9768 4273.2352 0.0500 1.0316 
1998Q4 -0.0088 -0.0046 -0.0081 9.2181 5800.8453 0.0570 1.0546 
1999Q1 -0.0209 -0.0087 -0.0154 8.7654 5732.5824 0.0620 1.0504 
1999Q2 -0.0271 -0.0199 -0.0347 8.2847 7469.7876 0.0610 1.0604 
1999Q3 0.0315 -0.0294 -0.0503 8.5503 7677.2796 0.0610 1.0777 
1999Q4 0.0135 -0.0175 -0.0299 8.5299 8907.9514 0.0600 1.0798 
2000Q1 0.0246 -0.0245 -0.0414 8.8314 9886.8079 0.0560 1.0906 
2000Q2 0.0196 -0.0204 -0.0342 9.5342 9197.0380 0.0500 1.1076 
2000Q3 0.0227 -0.0119 -0.0199 9.5199 9858.1480 0.0480 1.1113 
2000Q4 -0.0177 -0.0094 -0.0158 9.5158 8728.8870 0.0440 1.1038 
2001Q1 0.0282 -0.0085 -0.0141 8.7075 8736.2874 0.0450 1.1426 
2001Q2 -0.0258 -0.0060 -0.0099 7.4066 7930.3243 0.0470 0.9975 
2001Q3 -0.0298 -0.0087 -0.0143 6.6010 6727.8814 0.0550 1.0069 
2001Q4 0.0329 -0.0249 -0.0402 5.3835 6772.7709 0.0670 1.0933 
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TABLE 6A Stationary Tests 
Augmented Dicker Fuller Tests 
Variable O R D E R Test Statistic 95% critical value Stationary 
U S T D 4 -5.5664 -2.9850 ^ 
CSTD 0 -4.4433 -2.9850 Yes 
U S K W 0 -1.3502 -2.9850 N o 
CSKW 0 -3.4068 -2.9850 Yes 
G L 0 -3.3297 -2.9850 Yes 
H P I 4 -1.2609 -2.9850 N o 
I.R. 4 -1.1600 -2.9850 N o 
R 1 -3.0747 -2.9850 Yes 
S.I. 3 -2.9719 -2.9850 N o 
U R . 2 -2.2999 -2.9850 N o 
W 3 0.1454 -2.9850 N o 
dCSKW 0 -5.4495 -2.9907 Yes 
d H P I 0 -4.1005 -2.9907 Yes 
dl.R. 0 -3.9951 -2.9907 Yes 
dS.I. 0 -4.8377 -2.9907 Yes 
dU.R. 7 -3.2440 -2.9907 Yes 
dW 0 -4.1840 -2.9907 Yes 
The choice of order(s) is according to A I C and SBC. 
63 
TABLE 6B De-trended Variables 
Quarter dUSKW dHPI dS.I dW dl.R. dU.R. 
1992Q2 0.0083 -0.0106 746.3136 0.0005 -0.0103 -0.0010 
1992Q3 0.0544 -0.0021 -223.5411 0.0094 -0.0011 -0.0040 
1992Q4 -0.0834 0.0024 51.7659 0.0095 0.0046 0.0020 
1993Q1 0.0899 -0.0060 135.9277 0.0017 -0.0052 0.0020 
1993Q2 -0.0754 -0.0060 620.9414 0.0027 -0.0062 -0.0010 
1993Q3 -0.0634 -0.0013 142.5945 0.0064 -0.0004 -0.0020 
1993Q4 0.0140 0.0024 1863.7225 0.0028 0.0051 0.0000 
1994Q1 0.0043 -0.0108 47.0823 0.0128 -0.0139 0.0020 
1994Q2 -0.0284 0.0013 -1029.2759 -0.0031 0.0035 -0.0030 
1994Q3 0.0068 0.0072 204.4409 -0.0080 0.0127 0.0040 
1994Q4 0.0019 -0.0030 -723.1743 0.0035 -0.0026 -0.0030 
1995Q1 -0.0058 0.0046 -572.2127 0.0028 0.0087 0.0080 
1995Q2 0.0145 -0.0037 484.5210 -0.0090 -0.0038 0.0030 
1995Q3 0.0198 -0.0065 161.5312 -0.0095 -0.0084 0.0040 
1995Q4 -0.0220 -0.0065 224.0223 0.0079 -0.0095 0.0000 
1996Q1 -0.0086 -0.0077 721.4406 0.0093 -0.0116 -0.0030 
1996Q2 -0.0038 0.0001 -222.6275 -0.0088 0.0015 -0.0010 
1996Q3 -0.0044 -0.0060 -46.1485 0.0011 -0.0093 -0.0050 
1996Q4 -0.0052 0.0025 -94.1364 0.0010 0.0052 0.0000 
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TABLE 6B De-trended Variables (continued) 
Quarter dUSKW dHPI dS.I dW dl.R. dU.R. 
1997Q1 -0.0088 0.0013 1089.6501 0.0047 0.0029 -0.0010 
1997Q2 -0.0019 -0.0049 590.1912 0.0034 -0.0076 -0.0010 
1997Q3 -0.0009 0.0030 371.4531 0.0000 0.0061 -0.0020 
1997Q4 -0.0003 -0.0057 -2575.7074 0.0015 -0.0097 0.0030 
1998Q1 0.0038 -0.0021 -41.2261 -0.0010 -0.0033 0.0100 
1998Q2 0.0010 -0.0037 -857.0854 -0.0051 -0.0063 0.0090 
1998Q3 0.0258 -0.0103 -876.2592 0.0039 -0.0186 0.0060 
1998Q4 0.0145 -0.0174 1527.6101 0.0230 -0.0312 0.0070 
1999Q1 -0.0215 -0.0041 -68.2629 -0.0043 -0.0073 0.0050 
1999Q2 0.0021 -0.0112 1737.2052 0.0100 -0.0193 -0.0010 
1999Q3 0.0046 -0.0095 207.4920 0.0173 -0.0156 0.0000 
1999Q4 0.0120 0.0119 1230.6718 0.0021 0.0205 -0.0010 
2000Q1 -0.0075 -0.0070 978.8565 0.0107 -0.0115 -0.0040 
2000Q2 0.0090 0.0041 -689.7699 0.0170 0.0071 -0.0060 
2000Q3 0.0662 0.0085 661.1100 0.0038 0.0143 -0.0020 
2000Q4 -0.0306 0.0025 -1129.2609 -0.0076 0.0042 -0.0040 
2001Q1 -0.0074 0.0009 7.4004 0.0388 0.0016 0.0010 
2001Q2 0.0306 0.0025 -805.9631 -0.1451 0.0042 0.0020 
2001Q3 -0.0027 -0.0027 -1202.4429 0.0094 -0.0044 0.0080 
2001Q4 0.0342 -0.0163 44.8895 0.0864 -0.0259 0.0120 
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TABLE 7A Ordinary Least Square 
Standard Deviation of Uncontrolled Prices 
Unrestricted Model Restricted Model 
(lu) (Ir) 
Dependent Variable USTD USTD 
Coefficient T-Ratio[Prob] Coefficient T-Ratio[Prob] 
Regressor 
C O N S T A N T 0.50746 6.0061[.000] 0.40081 48.1622[.000] 
T R E N D 0.0023713 1.5526[.133] R(0) N . A . 
G L 0.32745 2.9994[.006] 0.28943 2.7662[.009] 
R -0.018311 -1.4484[.159] R(0) N . A . 
d H P I -6.8123 -.75602[.456] R(0) N . A . 
dl.R. 4.5676 .82472[.417] R(0) N . A . 
ds.I 1.31E-05 1.6542[.110] 1.37E-05 1.8470[.074] 
au.R. -2.299 -1.0628[.298] -4.1759 -2.3789[.024] 
dW -1.7248 -1.6549[.110] R(0) N . A . 
Joint test of zero restrictions T-Ratio[Prob] 
Lagrange Mult ip l ier Statistic 8.2930[.141] 
Likel ihood Ratio Statistic 9.4648[.092] 
F Statistic 1 . 叫 191] 
Test Statistics Unrestricted Restricted 
Model M iM 
Fitness 
R-Squared Q.5882 0.4603 
R-Bar-Squared 0.4614 0.4080 
DW-statistic 1-3475 1 . 6 2 7 2 _ 
Serial Correlation 
L M Version 4.7562[.313] 2.4923[.646] 
F Version .86493[.500] .51751[.724] 
Normality 
L M Version •74432[.689] .90438[.636] 
Heteroscedasticity 
L M Version 2.7567[.097] 3.2096[.073] 
F Version 2.8214[.1Q2] 3.3317[.077] 
66 
TABLE 7B Ordinary Least Square 
Standard Deviation of Controlled Prices 
Unrestricted Model Restricted Model 
(2u) (2r) 
Dependent Variable CSTD CSTD 
Coefficient T-Ratio[Prob] Coefficient T-Ratio[Prob] 
Regressor 
C O N S T A N T 0.14602 2.5413[.017] 0.088727 2.8432[.008] 
T R E N D 0.0016441 1.5828[.126] R(0) N . A . 
G L 0.3565 4.8017[.000] 0.31718 4.7842[.0〇0] 
R 2.74E-04 .031806[.975] 0.011229 3.0357[.005] 
d H P I -3.4595 -•56454[.577] R(0) N . A . 
dl.R. 2.2898 .60795[.548] R(0) N . A . 
dS.I -9.82E-07 -.18168[.857] R(0) N . A . 
dU.R. -1.4246 -•96839[.342] -2.7499 -2.4116[.022] 
dW -0.51537 -.72710[.474] R(Q) N . A . 
Joint test of zero restrictions T-Ratio[Prob] 
Lagrange Mult ip l ier Statistic 4.3347[.518] 
Likel ihood Ratio Statistic 4.5033[.480] 
F Statistic .71384[.619] 
Test Statistics Unrestricted Restricted 
Model ^ (2r) 
Fitness 
R-Squared 0.6389 0.5893 
R-Bar-Squared 0.5378 0.5496 
DW-statistic 1.6111 1.5643 
Serial Correlation 
L M Version 3.3616[.515] 1.8014[.773] 
F Version .56531[.690] .36637[.830] 
Normality 
L M Version 1.6651[.435] 3.7875[.151] 
Heteroscedasticity 0.6389 0.5893 
L M Version 0.5378 0.5496 
F Version 1.6111 1.5643 
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TABLE 7C Ordinary Least Square 
Skewness of Uncontrolled Prices 
Unrestricted Model Restricted Model 
(3u) (3r) 
Dependent Variable USKW USKW 
Coefficient T-Ratio[Prob] Coefficient T-Ratio[Prob] 
Regressor 
C O N S T A N T 0.10758 1.4120[.170] 0.042635 5.6002[.000] 
T R E N D 2.37E-04 .17222[.865] R(0) N . A . 
G L -0.29483 -2.9947[.006] -0.26805 -3.1744[.003] 
R -0.0075814 -.66503[.512] R(0) N . A . 
d H P I -21.1621 -2.6044[.015] -25.9233 -4.8452[.0〇0] 
dl.R. 13.1422 2.6314[.014] 16.335 4.9722[.0〇0] 
dS.I -2.76E-06 -.38471[.704] R(0) N . A . 
d U R . -1.6386 -.84004[.409] R(0) N . A . 
d W 1.1325 1.2049[.239] 1.6825 2.1507[.040] 
Joint test of zero restrictions T-Ratio[Prob] 
Lagrange Mul t ip l ier Statistic 2.8396[.585] 
L ikel ihood Ratio Statistic 2.9614[.564] 
F Statistic .57392[.684] 
Test Statistics Unrestricted Restricted 
Model M (3r) 
Fitness 
R-Squared 0.52893 0.48733 
R-Bar-Squared 0.38398 0.41898 
DW-statistic 1.4158 1.4169 
Serial Correlation 
L M Version 8.5666[.073] 5.9835[.200] 
F Version 1.7825[.168] 1.3404[.282] 
Normality 
L M Version 6.3813[.041] 7.1931[.027] 
Heteroscedasticity 
L M Version 5.5065[.019] 4.9171[.027] 
F Version 6.1612[.018] 5.3939[.027] 
68 
TABLE 7D Ordinary Least Square 
Skewness of Controlled Prices 
Unrestricted Model Restricted Model 
(4u) (4r) 
Dependent Variable CSKW CSKW 
Coefficient T-Ratio[Prob] Coefficient T-Ratio[Prob] 
Regressor 
C O N S T A N T 4.2722 1.2171[.235] R(0) N . A . 
T R E N D 0.15137 2.3854[.025] 0.087701 7.6727[.000] 
G L -6.3752 -1.4056[.172] R(0) N . A . 
R -0.62519 -1.1903[.245] R(0) N . A . 
d H P I -177.8248 -.47501[.639] R(0) N . A . 
dl .R. 119.3771 .51882[.608] R(0) N . A . 
dS.I -2.11E-04 -.63797[.529] R(0) N . A . 
dU.R. 26.7716 .29789[.768] R(0) N . A . 
dW -24.7144 -.57077[.573] R(0) N . A . 
Joint test of zero restrictions T-Ratio[Prob] 
Lagrange Mul t ip l ier Statistic 6.5259[.589] 
L ikel ihood Ratio Statistic 7.2224[.513] 
F Statistic •74486[.652] 
Test Statistics Unrestricted Restricted 
Model ^ (2r) 
Fitness 
R-Squared 0.4127 0.2781 
R-Bar-Squared 0.2320 0.2781 
DW-statistic 1.3866 1.7215 
Serial Correlation 
L M Version 8.7442[.068] 5.7289[.220] 
F Version 1.8317[.159] 1.4679[.237] 
Normality 
L M Version 20.1316[.00Q] 161.0668[.000] 
Heteroscedasticity 
L M Version .31730[.573] .50293[.478] 
F Version •30191[.586] .48110[.493] 
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TABLE 8 
Eight Variables VAR Models 
Granger Non Causality Tests 
Hq： the variable does not ganger cause any variables in the same model 
Model 8a Model 8b 
Variables LR Ratio Probability Variables L R Ratio Probabil i ty 
U S T D 37.8044 [.001] CSTD 38.7539 [.000] 
G L 60.0619 [.000] G L 56.664 [.000] 
R 38.4629 [.000] R 44.1027 [.000] 
d H P I 30.6931 [.006] dHPI 31.711 [.004] 
dS.I 70.3581 [.000] dS.I 72.0293 [.000] 
d l .R 34.9315 [.002] dl.R 34.6875 [.002] 
d U R . 52.4584 [.000] dU.R. 44.389 [.000] 
d W 30.9113 [.006] dW 27.709 [.016] 
Model 8c Model 8d 
Variables LR Ratio Probability Variables LR Ratio Probabil i ty 
U S K W 64.115 [.000] CSKW 39.7785 [.000] 
G L 41.4703 [.000] G L 31.8787 [.004] 
R 74.6981 [.000] R 45.18 [.000] 
d H P I 51.7481 [.000] dHP I 44.5517 [.000] 
dS.I 85.4637 [.000] dS.I 67.0818 [.000] 
d l .R 49.2189 [.000] dl.R 49.2152 [.000] 
d U R . 43.5505 [.000] d U R . 38.8221 [.000] 
dW 27.909 [.015] dW 25.9945 [.026] 
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TABLE 9A Bi-Variant VAR Models 
Granger Non-Causality 
Standard Deviation of Uncontrolled Prices 
VAR Model N (lb) 
Variable 
X ： USTD USTD 
Y： G L R 
O R D E R 5 5 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 4.3824[0.036] 10.2056[.070] 
Y DOES N O T E X P L A I N X 0.87518[0.350] 2.6742[.750] 
VAR Model ( I ^ (Id) 
Variable 
X ： USTD USTD 
Y ： dHP I dl.R. 
O R D E R 5 4 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 10.5279[.062] 12.8146[0.012] 
Y DOES N O T E X P L A I N X 4.7706[.445] 8.6426[0.071] 
VAR Model ge) (If) 
Variable 
X ： USTD USTD 
Y ： dS.L dU.R. 
O R D E R 7 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 21.7280[0.003] 1.8309[0.176] 
Y DOES N O T E X P L A I N X 10.7241[0.151] 4.8970[0.027] 
VAR Model OW 
Variable 
X ： USTD 
Y ： dW 
O R D E R 6 
Likelihood Ratio Test Statistic[Prob] 
X DOES N O T E X P L A I N Y 6.2811[0.392] 
Y DOES N O T E X P L A I N X 5.0298[0.540] 
71 
TABLE 9A Bi-Variant VAR Models 
Granger Non-Causality 
Standard Deviation of Controlled Prices 
VAR Model (lib) 
Variable 
X ： CSTD CSTD 
Y： GL R 
O R D E R 5 4 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 14.5639[.012] 20.7669[.000] 
Y DOES N O T E X P L A I N X 19.9048[.001] 2.6960[.61〇] 
VAR Model W 、 (lid) 
Variable ‘ 
X ： CSTD CSTD 
Y ： dHPI dl.R. 
ORDER 1 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 5.5771[0.018] 4.4548[0.035] 
Y DOES N O T E X P L A I N X 6.2016[0.013] 5.3630[0.021] 
VAR Model (lie) (Ilf) 
Variable 
X ： CSTD CSTD 
Y ： dS.I. dU.R. 
O R D E R 4 2 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 87533[0.068] 0.26223[0.877] 
Y DOES N O T E X P L A I N X 5.7595[0.218] 7.1754[0.028] 
VAR Model 
Variable 
X ： CSTD 
Y： dW 
O R D E R 2 
Likelihood Ratio Test Statistic[Prob] 
X DOES N O T E X P L A I N Y 4.0876[0.130] 
. Y DOES N O T E X P L A I N X 0.36356[0.834] 
72 
TABLE 9A Bi-Variant VAR Models 
Granger Non-Causality 
Skewness of Uncontrol led Prices 
VAR Model (Ilia) (I l lb) — 
Variable 
X ： USKW USKW 
Y： GL R 
ORDER 1 6 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 0.068029[0.794] 18.9850[0.004] 
Y DOES N O T E X P L A I N X 1.2920[0.256] 19.551[0.003] 
VAR Model (IIIc) (Hid) 
Variable 
X ： USKW USKW 
Y ： dHPI dl.R. 
O R D E R 7 7 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 6.3599[0.498] 6.8722[.442] 
Y DOES N O T E X P L A I N X 2〇.9786[0.004] 18.2397[.011] 
VAR Model (Ille) ( I l l f ) ‘ 
Variable 
X ： USKW USKW 
Y ： dS.L d U R . 
O R D E R 5 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 10.50353[0.062] .16260[.687] 
Y DOES N O T E X P L A I N X 8.6692[0.123] .14339[.7Q5] 
VAR Model ( i n ^ 
Variable 
X ： USKW 
Y： dW 
O R D E R 4 
Likelihood Ratio Test Statistic[Prob] 
X DOES N O T E X P L A I N Y 9.6009[0.048] 
Y DOES N O T E X P L A I N X 3.5196[0.475] 
73 
TABLE 9A Bi-Variant VAR Models 
Granger Non-Causality 
Skewness of Control led Prices 
VAR Model (IVb) 
Variable 
X •  CSKW CSKW 
Y ： G L R 
O R D E R 1 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 6.7874[0.009] 7.9617[0.005] 
Y DOES N O T E X P L A I N X 0.94082[0.332] 1.2697[0.260] 
^ Model (IVc) (IVd) 
Variable 
X ： CSKW CSKW 
Y： d H P I dl.R. 
O R D E R 2 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y .30880[.857] .0030100[.956] 
Y DOES N O T E X P L A I N X 1.8419[.398] .98916[.320] 
^ Model (IVe) (IVf) 一 
Variable 
X ： CSKW CSKW 
Y ： dS.L dU.R. 
O R D E R 1 1 
Likelihood Ratio Test Statistic[Prob] Statistic[Prob] 
X DOES N O T E X P L A I N Y 0.043171[0.835] 2.0514[0.152] 
Y DOES N O T E X P L A I N X 0.27798[0.868] 2.3018[0.129] 
V A R Model g X ^ 
Variable 
X ： CSKW 
Y ： dW 
O R D E R 2 
Likelihood Ratio Test Statistic[Prob] 
X D O E S N O T E X P L A I N Y 2.8898[.236] 
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